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Abstract: 

The invention relates to a process for the preparation of low-calorie 
polysaccharide derivatives, obtained by feeding a worm shaft reactor, operating 
at elevated temperature and under elevated pressure, with a mixture of at least a 
saccharide, a polyol and a food-grade polycarboxylic acid. The products obtained 
may be added as low-calorie bulking agent to (diet) foodstuffs like puddings, 
cake etc.. 
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© The invention relates to a process for the prep- 
aration of low-calorie polysaccharide derivatives, ob- 
tained by feeding a worm shaft reactor, operating at 
elevated temperature and under elevated pressure, 
with a mixture of at least a saccharide, a polyol and 
a food-grade polycarboxylic acid. The products ob- 
tained may be added-as low-calorie bulking agent to 
(diet) foodstuffs like puddings, cake etc.. 
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Process for the preparation of polysaccharide derivatives 



The invention relates to a process for the prep- 
aration of polysaccharide derivatives by reacting at 
least a saccharide, a polyol and a poiycarboxylic 
acid which also acts as catalyst, at elevated tem- 
perature. 

A process of this type is disclosed in US 
Patent Specification 3,766,165. More particularly, in 
this US patent specification a process is described 
for the preparation of polysaccharide derivatives, 
according to which d-glucose or maltose, as sac- 
charide, is reacted in the molten state at a tem- 
perature of 140-295* C and under greatly reduced 
pressure in the presence of a catalytic amount of at 
most 10 mol% of a food-grade poiycarboxylic acid, 
for example citric acid, in the absence of water, 
with the proviso that the water formed during melt- 
ing and polymerization is removed immediately. A 
polyol such as sorbitol can also be used in the 
abovementioned reaction. 

In the abovementioned US Patent Specification 
3,766,165 it is also stated that the reaction time 
and the reaction temperature are parameters de- 
pendent on one another. In this context it is em- 
phasized that the exposure of the reaction mixture 
to heat, which takes place in this known process, 
must be as little as possible since at elevated 
temperature discoloration, caramelization and deg- 
radation phenomena increase with time. In column 
5, lines 31-48 of this US patent specification it is 
put forward that the process in question can be 
carried out at a reaction temperature of 160*C for 
a reaction time of 8 hours or at a reaction tempera- 
ture of 140* C for a reaction time of 24 hours, for 
the same degree of polymerization of the final 
product Products similar to those obtained under 
the abovementioned parameters are also obtained 
by applying a continuous polymerization in the 
temperature range of 200-300* C under vacuum for 
a period of about 10 minutes. However, maintaining 
the vacuum required in the known process de- 
mands extra measures such as the use of periph- 
eral equipment, which is regarded as an inherent 
disadvantage of the process disclosed in said US 
Patent Specification 3,766,165. 

The Applicant has therefore made attempts to 
develop a process which can be carried out con- 
tinuously and with which the desired polysaccha- 
ride product can be obtained both in a very short 
time and without the use of the equipment required 
for maintaining the vacuum conditions. 

Surprisingly, it has been found that the above 
aim can be achieved if the reactants are fed in the 
form of a mixture of at least a saccharide, a polyol 
and a food-grade poiycarboxylic acid through a 
worm shaft reactor operating at elevated tempera- 



ture and under elevated pressure, a reaction prod- 
uct at a temperature of 140-300* C being obtained. 

More particularly it is put forward that a highly 
elevated pressure prevails in the worm shaft reac- 

5 tor used in the process according to the invention, 
i.e. conditions which are diametrically opposed to 
the requirement associated with the method of 
preparation disclosed in US Patent Specification 
3,766,165, i.e. that the reaction must be carried out 

w at a highly reduced pressure. 

The reaction time required for the abovemen- 
tioned reaction according to the invention varies 
from 0.5-4 minutes, advantageously 1-2.5 minutes. 
In respect of properties, the product obtained 

75 using the process according to the invention in 
principle corresponds to the product obtained in 
accordance with the process according to US Pat- 
ent Specification 3,766,165 or the product de- 
scribed in US Patent Specification 3,876,794, in 

20 particular with regard to the reducing value, pH of 
an aqueous solution of the product, acid equivalent, 
residual saccharide, polyol and poiycarboxylic acid 
content, levoglucosan and hydroxymethylfurfura! 
formed, non-dialysable fraction, optical rotation and 

25 Gardner colour; both abovementioned US patent 
specifications are incorporated here as reference. 

With the process according to the invention it 
is possible, for example, to pass a pulverulent 
mixture of glucose, sorbitol and citric acid through 

30 a worm shaft reactor within a period of a few 
minutes to obtain a product which is at a tempera- 
ture of about 200 "C and has the following char- 
acteristics: 

- glucose content S 6 % by weight, advantageously 
35 £ 4 % by weight 

- sorbitol content £ 2.5 % by weight, advanta- 
geously S 2 % by weight 

- citric acid content 5 0.75% by weight, advanta- 
geously £ 0.5% by weight 

40 - levoglucosan content £ 4 % by weight, advanta- 
geously £ 2.5% by weight 

- solubility in water: about 100% by weight or less, 
depending on the amount of poiycarboxylic acid 
used 

45 - pH of a 10% solution in water: about 3 

- Gardner colour: S 10, advantageously $ 5. in 
particular £ 3. 

Glucose, maltose or maltotriose, preferably glu- 
cose, are advantageously mentioned as the sac- 
50 charide. The glucose can, in this case, be used in 
the form of the anhydrous product or of the mon- 
ohydrate. 

The polyol to be used in the process according 
to the invention must be a product acceptable in 
the foodstuffs industry, i.e., a food-grade product, 
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such as, for example, glycerol, erythrltol, xylitol, 
mannitol, galactitol and, preferably, sorbitol. The 
amount of polyol Is, for example, 4.5-20% by 
weight, -advantaeeously 8-12% by weight, calcu- 
lated for the total mixture. 

The catalyst used is a polycarboxylic acid ac- 
ceptable in the foodstuffs industry, i.e.,a food-grade 
polycarboxylic acid, such as fumaric acid, tartaric 
acid, terephthalic acid, succinic acid, adipic acid, 
itaconic acid or the anhydrides of the latter three 
acids, and preferably citric acid. Depending on the 
amount of catalyst used, a product is obtained 
which may be completely or only partially soluble 
in water. Roughly it can be stated that for the 
preparation of a water-soluble product an amount 
of at least 0.1 , preferably 0.25-2.5, % by weight of 
polycarboxylic acid can be used, and for the prep- 
aration of a product which is partially soluble or 
insoluble in water a larger amount of, for example, 
at most about 10% by weight of polycarboxylic 
acid can be used, calculated relative to the total 
mixture. 

In accordance with the process according to 
the invention, therefore, mixtures of 
70 - 95.4% by weight, preferably 85.5 - 91.75% by 
weight, of saccharide, preferably d*glucose 
0.1 - 10% by weight, preferably 0.25 - 2.5% by 
weight, of polycarboxylic acid, preferably citric 
acid, and 

4.5 - 20% by weight, preferably 8 - 12% by weight, 
of polyol, preferably sorbitol 
are advantageously used. 

The starting material used in the form of a 
powder usually has a particle size of less than 3 
mm, preferably 0.05-1 mm. 

The process according to the invention can be 
carried out with the aid of worm shaft reactors or 
extruder devices with one or two shafts, which are 
generally known from the state of the art. A Clextral 
BC-45 twin screw extruder (manufacturer: Clextral 
S.A., Firminy-Cedex, France) has been used in the 
examples; however, other known worm shaft reac- 
tors can also be used. 

In the worm shaft reactors or extruder devices 
which are to be used in the process according to 
the invention and which force-convey materials, an 
intensive mixing of the reagents takes place, it 
being possible to achieve a good temperature con- 
trol and a good heat transfer in a simple manner. 
Surprisingly, in such a worm shaft reactor a mixing 
and reaction takes place which is such that an end 
product with out standing properties is obtained 
within a relatively short reaction time of, for exam- 
ple, 0.5-4 minutes, advantageously 1-2.5 minutes. 

Although the design of the worm shaft reactor 
to be used In the process according to the inven- 
tion can vary within wide limits, worm shaft reactors 
which have a compression ratio of 1.1-3 and a 



length/diameter ratio of the worm of 10-30 are 

preferably used. 

As stated, the temperature of the casing of the 

worm shaft reactor is adjusted such that the prod- 
5 uct obtained from the reactor has a temperature of 

140-300* C, preferably 180-220* C. 

The advantages of the process according to 

the invention over the process disclosed in US 

Patent Specification 3,766,165 are numerous. Ex- 
10 am pies of these advantages are, inter alia, that the 

process according to the invention 

- is "simple" to carry out from the technological 
standpoint; 

- can be carried out continuously 

75 - requires only a very short reaction time and 

- with this process undesirable side reactions fre- 
quently occur to a lesser degree, which is re- 
flected, for example, in a better Gardner colour. 

The products obtained in accordance with the 
20 process according to the invention can be added, 
optionally in the neutralized form, as a low-calorie 
bulking agent to diet foodstuffs and the like in order 
to impart to these desired characteristics such as 
texture and the like, which usually originate from 
25 high calorie products such as sugar and/or fat. 
Examples of such foodstuffs are puddings, cake, 
cookies, chewing gum, sweets, dressings, salads, 
mixed ices and hard and soft candy. 

The invention is explained in more detail with 
30 the aid of the examples below; however, these 
examples must not be taken as restrictive. 



Example I 

35 

A mixture of 89% by weight of anhydrous 
glucose, 10% by weight of sorbitol and 1% by 
weight of citric acid monohydrate was mixed ho- 
mogeneously In the form of a powder with a par- 

40 tide size of less than 1 mm and then metered at a 
rate of 20 kg/hour into an extruder (Clextral BC-45); 
a "1 metre version" consisting of four 25-cm seg- 
ments, which segments were each provided with a 
heating jacket, the capacity of which, being from 

45 the inlet to the outlet orifice, had a value of 5, 7, 5 
and 7 kWh; the shafts rotated at the same time. 
For a rotational speed of the shafts of 100 
revolutions/min. (rpm). the temperature of the jack- 
et was regulated such that the outlet temperature 

so of the extruded material was 200 *C. The pressure 
In the extruder had a value of about 5 bar. The 
residence time of the mixture in the extruder' was 
about 1.5 min. The pale yellow product obtained 
had a Gardner colour of 4.5 (10% by weight solu- 

55 tion) and a composition of: 
glucose : 2.95% by weight 
sorbitol : 1.8 % by weight 
levoglucosan : 2.15% by weight 
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citric acid : 0.35% by weight, 
the remainder being potydextrose. 

The product obtained was completely soluble 
in water. 



Example II 

The mixture used in Example I was metered at 
a rate of 25 kg/h into an extruder (Clextral BC-45). 
The rotational speed was 50 rpm. The jacket tem- 
perature of the extruder was adjusted such that the 
temperature of the extruded material obtained was 
190" C. The residence time of the mixture in the 
extruder was about 2 min. The pressure in the 
extruder had a value of about 9 bar. 

The pale yellow product obtained had a Gard- 
ner colour of 1.5-2 (10% by weight solution) and a 
composition of: 
glucose : 5.1 % by weight 
sorbitol : 2.1 % by weight 
levoglucosan : 1.95% by weight 
citric acid : 0.65% by weight, 
the remainder being polydextrose. 

The product was completely soluble in water. 



Example III 

A mixture of 90% by weight of glucose mon- 
ohydrate, 9% by weight of sorbitol and 1% by 
weight of citric acid (dry) was mixed homoge- 
neously in powder form and then metered at a rate 
of 25 kg/h into an extruder (Clextral BC-45). At a 
rotational speed of 200 rpm, the jacket temperature 
of the extruder was adjusted such that the outlet 
temperature of the extruded material was 203 *C. 
The residence time of the mixture in the extruder 
was about 1 min. The pressure in the extruder had 
a value of about 4 bar. 

The pale yellow product obtained had a Gard- 
ner colour of 3.5 (10% by weight solution) and a 
composition of: 
glucose : 6.0 % by weight 
sorbitol : 2.4 % by weight 
levoglucosan : 2.3 % by weight 
citric acid : 0.55% by weight, 
the remainder being polydextrose. 



Example IV 

A mixture of 90% by weight of glucose mon- 
ohydrate, 4% by weight sorbitol and 6% by weight 
citric acid (dry) was homogeneously mixed in pow- 
der form and then metered at a rate of 25 kg/h into 
an extruder (Clextral BC-45). At a rotational speed 
of 200 rpm, the jacket temperature of the extruder 



was adjusted such that the outlet temperature of 
the extruded material was 210* C. The residence 
time of the mixture in the extruder was about 1 
minute and the pressure in the extruder had a 
5 value of about 3 bar. The water-soluble portion of 
the product obtained, which was 60% soluble in 
water, had a Gardner colour of about 10 (10% by 
weight solution). 

to 

Claims 

1. Process for the preparation of polysaccha- 
ride derivatives by reacting at least a saccharide, a 

is polyol and a polycarboxylic acid, which also acts 
as catalyst, at elevated temperature, characterized 
in that the reactants are fed in the form of a 
mixture of at least a saccharide, a polyol and a 
food-grade polycarboxylic acid through a worm 

20 shaft reactor operating at elevated temperature and 
under elevated pressure, a reaction product being 
obtained at a temperature of 140-300* C. 

2. Process according to Claim 1 , characterized 
in that the temperature of the product issuing from 

25 the worm shaft reactor is 180-220* C. 

3. Process according to Claim 1 or 2, char- 
acterized in that a worm shaft reactor is used which 
has a compression ratio of 1.1-3. 

4. Process according to one or more of Claims 
30 1-3, characterized in that a worm shaft reactor is 

used for which the length/diameter ratio has a 
value of 10-30. 

5. Process according to one or more of Claims 
1-4, characterized in that the reactants used are a 

35 mixture of -70 -95.4% by weight of saccharide 

- 0.1-10 % by weight of polycarboxylic acid 

- 4.5-20 % by weight of polyol. 

6. Process according to Claim 5, characterized 
in that the reactants used are a mixture of 

40 - 85.5 -91 .75% by weight of saccharide 

- 0.25- 2.5 % by weight of polycarboxylic acid and 

- 8 -12 % by weight of polyol. 

7. Process according to Claim 5 or 6, char- 
acterized in that the saccharide used is d-glucose, 

45 maltose or maltotriose, the polycarboxylic acid 
used is citric acid and the polyol used is sorbitol. 

8. Process according to one or more of Claims 
1-7, characterized in that the reactants are used in 
the form of a pulverulent mixture. 

50 9. Process according to Claim 8. characterized 
in that the reactants are used in the form of a 
pulverulent mixture with a particle size of 0.05-1 
mm. 

10. Process according to one or more of 
55 Claims 1-9, characterized in that the reactants are 

passed through the worm shaft reactor within a 
period of 0.5-4 min. 

11. Process according to Claim 10, character- 
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ized in that the reacjants are passed through the 
worm shaft reactor within a period of 1-2.5 min. 

12. Product obtained using the process accord- ' 
ing to one or more of Claims 1-11. 

13. Low-calorie food product at least containing 
a product according to Claim 12. 



w 



15 



20 



26 



30 



35 



40 



45 



50 



55 



5 



